1. Introduction {#s0005}
===============

Insomnia is a common condition in the elderly population, which disrupts the quality of life ([@b0070]). *Valeriana officinalis* is a well-known traditional medicinal plant used for treating sleep disorders and/or mild nerve tension ([@b0055]). As a result of clinical investigations, VO has been found to be effective and approved by Commission E for use in the treatment of sleep disorders ([@b0015]). VO has some advantages compare to benzodiazepines because it is well tolerated and is effective against insomnia ([@b0045], [@b0075]).

VO products are used as a mild sedative throughout the world (ESCOP [@b0035]). Valerenic acid (VA), which has a sesquiterpene carboxylic acid skeleton isolated from *Valeriana officinalis*, is regarded as the major active compound. The anxiolytic potential of VA has been demonstrated with *in vitro* and *in vivo* experiments ([@b0120], [@b0060], [@b0105], [@b0115], [@b0005], [@b0065], [@b0085]). Studies have shown that VO modulates GABA~A~ receptors due to VA. AVA and hydroxy valerenic acid (HVA) do not modulate GABA~A~ receptors but are linked to the identical binding sites ([@b0040]). The main inhibitory neurotransmitter in the brain is GABA, which is important for balance between neuronal excitation and inhibition; therefore, GABA is crucial for normal brain function. If the balance is disturbed, disorders such as depression, sedation, anxiety, restlessness, and insomnia may occur ([@b0110]). To date, the effect of *V. officinalis* and valerenic acid on GABA~A~ receptors has been investigated ([@b0040], [@b0030]). On the other hand, Brain-Derived Neurotrophic Factor (BDNF) is the most active growth factor in the neurotrophin family that is found in small amounts in the brain. By keeping BDNF at a satisfactory level, neurotransmission occurs at an optimal level and potential physical and mental illnesses are prevented. Therefore, BDNF has an important role in the central nervous system. Alzheimer\'s, obesity, depression and even schizophrenia can occur with low levels of BDNF ([@b0010]). In particular, the treatment of Alzheimer\'s disease (AD), which has a multi-factorial and multistage nature, has not yet been fully exploited. For this reason, intensive research is being conducted to find new drug candidates of natural or synthetic origin in AD treatment whose pathogenesis is still not determined.

The aim of this study is to evaluate the effects of VO, its major components VA and AVA as well as VAF and AVAF on the BDNF expression in SH-SY5Y cell lines. The sedative role of valerenic acid will be determined by adding the increasing amounts of valerenic acid to the VAF extract in the Human BDNF ELISA kit using positive control 17 *β*-estradiol.

2. Methods {#s0010}
==========

2.1. Plant material {#s0015}
-------------------

Fresh roots of *Valeriana officinalis* L. were purchased during the flowering period from the cultured areas of Selcuk University Faculty of Agriculture Department of Medicinal Plants. The plant specimens were deposited in the medicinal and aromatical plants herbarium (TBÇ-V-001) of Selcuk University.

2.2. Thin Layer Chromatography (TLC) -- According to PhEur ([@b0100]). {#s0020}
----------------------------------------------------------------------

*Test solution:*1 g of the powdered herbal drug was suspended in 10 mL of methanol R and sonicated for 10 min and filtered.

Plate: Kieselgel 60 F~254~, 20 cm; Mobile phase: glacial acetic acid R/ethyl acetate R/ cyclohexane R (2:38:60 V/V/V).

*Reference solution:* 5 mg of VA and 5 mg of AVA were dissolved in 20 mL methanol R; then 20 μL of the solution was applied to the plate as 10 mm bands. Anisaldehyde solution R was used for detection. The solution was heated at 100--105 °C for 5--10 min and examined in daylight. VA and AVA were detected as violet zones.

2.3. HPLC studies {#s0025}
-----------------

Analyses were performed using a Dionex P680 series HPLC (Dionex, Germany), including a binary pump, vacuum degasser, ASI-100 Injektor autosampler, and diode array detector. The analysis method of Pharmacopoeia Europea-9 \[18\] was applied herein. Chromatographic separations were performed on a Supelco C18 column (4.6 mm × 250 mm × 5 μL). A mobile phase consisting of aqueous solution of phosphoric acid (pH: 2.5) and acetonitrile (20:80 v/v) (A) and aqueous solution of phosphoric acid (pH: 2.5) and acetonitrile (80:20 v/v) (B) was used for separation with a gradient elution at a flow rate of 1.5 mL/min. Gradient elution was performed as follows: from 0 min to 5 min, isocratic 45% solvent B; linear gradient from 5 min to 18 min, from 45% to 80% solvent B; from 18 min to 22 min isocratic 80% solvent B; linear gradient from 22 min to 23 min, from 80% to 45% solvent B; from 23 min to 30 min, isocratic 45% solvent B, and re-equilibration period of 2.5 min with solvent B used between individual runs. Detecion was at 220 nm. The injection volume was 20 μL. Column temperature was set to 30 °C. Identification of the valerenic acid was made by comparing the retention times and UV spectra of the peaks in the valerian samples and the standard. Standard solution was then added to the sample; the increase in the intensity of the peaks verified the identification. All of the calculations concerning the quantitative analysis were performed with external standardization by measurement of peak areas. Standard solutions of valerenic acid (0.5 mg/mL) were prepared in methanol. Each injection was achieved in triplicate to establish reproducibility of detector response at each concentration level.

2.4. Sample preparation {#s0030}
-----------------------

### 2.4.1. Preparation of VAF and AVAF extracts {#s0035}

One gram of the powdered *Valeriana officinalis* root was suspended in 10 mL of methanol R and sonicated for 10 min and filtered (VO). The filtered extract was applied as a band form to the plate and the sample band was allowed to migrate with mobile phase (glacial acetic acid R/ethyl acetate R/ cyclohexane R; 2:38:60 V/V/V) in a TLC chamber, up to the upper edge of the band. It was then removed from the plate, the solvent evaporated and visualized under UV. After the VA and AVA bands had separated from each other, the VA and/or AVA zones were scraped from the plates. The other parts of the plate were also removed to obtain VAF and/or AVAF extracts. The scraped parts were dissolved in methanol and filtered. All extracts, as well as VA and AVA gained from the VO, were confirmed by HPLC to make sure that VAF and AVAF extracts were obtained.

### 2.4.2. Preparation of gradually increased valerenic acid containing VAF extracts {#s0040}

To obtain extracts containing 0.025%, 0.05% and 0.1% VA, the VA reference compound was added separately at concentrations of 0.025%, 0.05% and 0.1% to the VAF extract.

2.5. BDNF expression in SH-SY5Y cells {#s0045}
-------------------------------------

SH-SY5Y cells were cultured in a T-25 flask in DMEM 10% FBS with the supplements and incubated in 3 mL media at 37 °C. Cells were passaged into a T-75 flask when the confluence reached 80%. Then cells were counted by hemocytometer and 3 × 10^5^ cells were seeded in each well in 6-well plates. In this experiment, three different batches of cells were used (ņ = 3). After the cells incubated in 6-well plates for 24 h, the cells were treated with extracts/compounds and 17-*β*-estradiol for 72 h in a free serum medium containing 2 mL/well. The final concentrations of the extracts were 100 μg/mL; the final concentrations of the pure compounds were 25 µg/mL; the final concentration of the positive control 17*β*-Estradiol was 1.10 nM. Three wells were treated only with the carrier solvent as a negative control (blank). After 48 h, the supernatant was removed and the cells were washed with PBS; then PBS was removed and chemical cell lysis was performed by adding 100 µL of RIPA Lysis Buffer System to each well and removed with a cell scraper. Then the mixtures were transferred into labeled tubes and vortex mixed for a few seconds and incubated for 30 min at 4 ˚C. After incubation, the tubes were vortexed again and centrifuged at 14,000*g* for 30 min at 0 ˚C. After the tubes were centrifuged, the supernatants were transferred into new labeled tubes. Cell lysates were stored at −20 ˚C until the time of use. To assess BDNF expression, a Boster BDNF Human Elisa Kit, which is a standard sandwich enzyme-linked immune-sorbent technique, was used. Instructions in the manual were followed to measure BDNF levels in the cell lysate.

The effectiveness of the Elisa Kit was validated by using a positive control provided by the company. 578 pg of BDNF protein was reconstituted with 1 mL of sample diluent and mixed thoroughly. 100 µL of the mixture was added into the precoated 96-well plate. Instructions on the manual were followed to measure BDNF levels in the cell lysate. The stop solution changes the color from blue to yellow, and the intensity of the color is measured at 450 nm.

2.6. Statistical analysis {#s0050}
-------------------------

The results from each group were presented as a mean ± standard error of the mean \[SEM (n = 3)\]. Differences among groups were compared using one-way analysis of variance (One-way ANOVA and non-parametric), followed by Tukey testing for multiple comparisons (Prism 5.0 software (GraphPad San Diego, CA, USA). Values of *p* \< 0.05 or less were regarded statistically significant.

3. Results {#s0055}
==========

3.1. Effects of VO, VA, AVA, VAF and AVAF extracts on BDNF expression {#s0060}
---------------------------------------------------------------------

The effect of methanolic extract of *Valeriana officinalis* (VO) ([Fig. 1](#f0005){ref-type="fig"}), valerenic acid free extract (VAF) and acetoxyvalerenic acid-free extract (AVAF), acetoxyvalerenic acid (AVA) ([Fig. 2](#f0010){ref-type="fig"}) and valerenic acid (VA) ([Fig. 3](#f0015){ref-type="fig"}) on BDNF expression are shown in [Table 1](#t0005){ref-type="table"}. The original valerian methanolic extract (VO) at 25 µg/mL, increased intracellular BDNF levels in SHSY-5Y cells by 17.92% (*p* \< 0.001) compared to the blank. At 25 µg/mL the VAF extract decreased the level of BDNF by 1.34%, while the VA itself at 25 µg/mL increased the level of BDNF by 19.98% (*p* \< 0.001) compared to the blank. On the other hand, at the same concentration AVA increased the BDNF level only by 2.77% while AVAF showed a BDNF increase of 17.80% (*p* \< 0.001) ([Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}; [Table 1](#t0005){ref-type="table"}).Fig. 1HPLC Chromatogram of sesquiterpenic acids in VO.Fig. 2Chromatogram of AVA.Fig. 3Chromatogram of VA.Table 1Effects of VA and AVA on BDNF levels in SH-SY5Y cells.Extract conc. μg/mLBDNF [conc.pg/mL](http://conc.pg/mL){#ir005}BDNF increase %VO25635.319.98VA25522.4−1.34VAF25624.417.92AVA25544.22.77AVAF25624.017.80Blank--529.5017 *β*-estradiol1 μM783.047.8Fig. 4Effects of VA on BDNF levels in SH-SY5Y cells; VA: valerenic acid. Data are expressed as mean ± SEM (n = 3 in each group) ^\*\*^*p* \< 0.001, ^\*\*\*^*p* \< 0.0001.Fig. 5Effects of AVA on BDNF levels in SH-SY5Y cells; AVA: acetoxyvalerenic acid. Data are expressed as mean ± SEM (n = 3 in each group) ^\*\*^*p* \< 0.001, ^\*\*\*^*p* \< 0.0001.

3.2. Effect of gradually increasing valerenic acid in VAF extract to BDNF expression {#s0065}
------------------------------------------------------------------------------------

Four groups of extracts were prepared with increasing amounts of VA and assesed for their effects on SH-SY5Y cells. Group I: VA-free extract; Group II: % 0.025 VA added extract; Group III: % 0.05 VA added extract; Group IV: % 0.1 VA added extract. BDNF expressions of these extracts were calculated as 2.4%, 19.1%, and 29.1%, respectively whereas 46.5% for positive control and 0 for the blank ([Fig. 6](#f0030){ref-type="fig"}, [Table 2](#t0010){ref-type="table"}).Fig. 6Concentration-response effect of valerenic acid on BDNF levels; VA: valerenic acid. Data are expressed as mean ± SEM (n = 3 in each group) ^\*\*^*p* \< 0.001, ^\*\*\*^*p* \< 0.0001.Table 2Concentration-response effect of valerenic acid on BDNF levels in SH-SY5Y cells.Extract conc. μg/mLBDNF [conc.pg/mL](http://conc.pg/mL){#ir010}BDNF increase %VA free extract15908.572.40.025% VA151056.4419.10.050% VA151067.8920.40.100% VA151144.9929.1Blank--886.86017 *β*-estradiol1 μM1298.3346.5

4. Discussion {#s0070}
=============

Having the utmost level of phytochemical constituents, Valerian contains more than 150 chemical compounds with different physiological activity ([@b0090]). Some of these chemicals upregulate the BDNF pathway which was observed in this study. Recent studies have shown that BDNF expression decrease in the brain during depression. Numerous studies have been published on the role of BDNF in the pathophysiology of mood, including major depressive disorders. It has been reported that injection of BDNF in the mesencephalon has behavioral antidepressant effect in learned helplessness paradigms and forced swim test. This suggests that increased BDNF expression has an antidepressant effect ([@b0095]). All kind of antidepressants treatment, including lithium, and electroconvulsive shock treatment increase BDNF expression in the cortex and hippocampus ([@b0020]). Moreover, it has been shown that antidepressant treatment does not decrease immobility in forced swimming test in BDNF knockout mice and there is no any reduction in immobility during forced swimming test with the administration of antidepressant, which indicates that the positive behavioral effect of antidepressant is completed by BDNF signaling ([@b0080]). As a result, BDNF has become one of the major targets of antidepressant medications, recently ([@b0025], [@b0050]). Until now, valerenic and acetoxy valerenic acid associations with the GABA receptor have been investigated to explain the effects of valerian on anxiety and insomnia. The antidepressant effects of the valerian have been attributed to valerenic acid however, the effect of *V. officinalis* extracts and its components on BDNF expression has not been investigated. This study was thought to be useful for gaining a new perspective on valerian's activity mechanism in this respect. Therefore, the effects of VO, VA, AVA, VAF, AVAF on BDNF expression were evaluated by using SH-SY5Y cells. Separately, the effect of gradually increasing concentration of VA on BDNF levels was studied. The methanolic extract of *V. officinalis*, carrying VA, increased the BDNF level while the BDNF level decreased when VA was removed from the VO extract; this suggests that valerenic acid is essential for the activity. Moreover, when the concentration of VA in the extract was increased gradually, a gradual increase in BDNF levels was observed as well ([Table 2](#t0010){ref-type="table"}, [Fig. 6](#f0030){ref-type="fig"}). The presence or absence of acetoxy valerenic acid was found to be unrelated to the activity.

In conclusion, our result showed *V. officinalis* extracts increase BDNF level in SH-SY5Y cells and the effect of *V. officinalis* extracts on BDNF was demolished completely when valerenic acid was removed from the extract, which indicates that valerenic acid is crucial for the neuronal activity.
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